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An Eperimental Study of Chungpyesagan—-tang on Cerebral Blood Flow and Nitric
Oxide in Cerebral Ischemia of Rat

Young Suk Kim, Woo Sang Jung Seong Uk Park, Sang Kwan Moon, Chang Nam Go, Ki Ho Cho,
Hyung Sup Bae, Kyung Sup Lee and Doo Ick Lee’

Department of Cardiovascular & Neurologic Diseases (Stroke Center), College of Oriental Medicine, Kyung Hee Umversﬂy
Department of Anesthesiology, College of Medicine, Kyung Hee University

Objectives: Chungpyesagan—tang is a famous oriental medicine treatment frequently used to stroke in
Korea. The objective of this study is to evaluate the mechanism of the therapeutic effect of Chung—
pyesagan—tang on stroke in rat,

Methods: We compared the difference in regional cerebral blood flow, nitric oxide (NO) synthesis
between the control and the Chungpyesagan—tang—treated group after ligating middle cerebral artery.

Results: In our study, cerebral blood flow increased more in the stroke rats which had been fed by
Chungpyesagan—tang than in the control, Chungpyesagan—tang induced vascular NO synthesis, but had
no effect on neuronal NO synthesis,

Conclusion: The mechanism of Chngpyesagan—tang’s therapeutic effect on ischemic stroke could be
explained by increasing cerebral blood flow and vascular NO synthesis,
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Table 1. Ingredient Composition of Chungpyesagan—tang

2. HeSE

300-450 g2] Long Evans ratsS AME3FH I —Bih
IREEHGD) S AR R &5 2HrEA A3E 5+ A
=5 ShHA 2482C A9 @749 2573 8417
W A8,

= 84
He FEES AYslae olyethylene catheterE 4}
#s L5 heat lampE ©]-83}4 36.5C
£ A3 A& servocontrolled heat lampE

A&ttt dEEsH 7HHE s st
A3}7] 98t Gould recordero]] -2
Statham P23Db pressure transducerd] 3723143t} 9]
7} E] & Radiometer blood gas analyzers (ABL 330
and OSM3)Z 0] £3}o] PO,, PCO,, pHS} 8M 4 &
T8 dev AMEEg o Alutea, Yt arterial
blood sampleg =434t} o] L =AHA=
MCA A% & Az BHA7HA] A &2 07 Z7g5t
et

2) S|z ZAEH
Unilateral middle cerebral artery (MCA) ZAZ&
isoflurane W} 3}ol| right parietal lobe #3302

Herb Latin name Scientific name Amount
)= Jics Radix Puerariae Pueraria thunbergiana BENTH 16.0g
#H 5 Radix Scutellariae Scutellaria baikalensis GEORGI 8.0g
[ VN Radix Ligustici Tenuissimae Ligusticum tenuissimum KITAG 8.0g
BNt Semen Raphani Raphanus sativus L 4.0g
I Radix Platycodi Platycodon grandiflorum JACQ 4.0g
T hi Rhizoma Cimicifugae Cimicifuga heracleifolia KOM 4.0g
H i Radix Angelicae Dahuricae Angelica dahurica FISCH 4.0g
N Rhizoma Rhei Rheum coreanum NAKAI 4.0g

Total amount

62.0g
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07 FE9] By} HEE MCAZ O parietal cortex
9] skull#} duraZ A A3}l 5X8 mme) patchE 4t
ket B9 7F55hd skull baseol] 71AA Az
Sk

3 E™E=

(D Neuronal NO

NO synthase inhibitors¢l selective neuronal NO
synthase inhibitorQ] 7-nitro indazole (7-NI) 25 mg/kg
S MCA 2% % 1539 5308 FAsitt. =g
NO donorsZA] artificial CSF solutiono] 10-3M¢]
sodium nitroprusside (SNP)4} molsidomine -f-% 4] ¢l
SIN-IZ soaked®l patchE IC ¥+ CCol| ZAFA3}
Ak dzel Al 719} o] S4E FX= MCA
AZ 3 FAIAA ATk

(2 Vascular NO

NO synthase inhibitors¢] L-NAME & L-NA
(10-15 mg/kg IV)E MCA Z2F & 1584 T34
t}. T3+ NO donors®] nitroprusside (3 mg/kg/hr) ©]
U SIN-I3 mg/kg/hr)& ZEHNE MCA 2Z £ 15
Eoll FAseh oA 3719k 2ol ZA4E &
BAE MCA 2F 3 FAI7HA] Z743kAt

@ =4 H8F =4 (regional cerebral blood flow:

rCBF)

2 Y8 EE= Sakurada £V 93] HEE uby
¢l 14C-iodoantipyrine quantitative autoradiographic
technique2 ZA3Gtt. 7+9stA 50 uCil4C-
iodoantipyrine©] AHWo g FA3}YH. isotope©]
venous circulation®. 2 F %M, arterial catheter=
sampling catheter®] smearingS #43}3}7] a4
20 mmof| 4 25kt 20 microliter blood samples2- 40
%259 w3z rlt} arterial catheteroll A 338} T).
nlx] ek sampleo] HoJA = <7t decapitated s}l
liquid N29J| frozend}$3t}. frozens¢l tissue sample-&-
430) W39, 5
basal ganglion, ponsoA Z3}th ©] sample

ischemic cortex, contralateral cortex,

cryostato]] A 20micrometer 2 A3} T} autoradio-
gram< $]8)] 59 F¢F Xray cassettesol| A X-ray film
(Kodak SB-5)9] exposedjA] ©]& sectionsg FH|3}
%4t} cerebral 14C tissue concentrationsi= computer-
based microdensitometer system (Microcomp Image
Analysis, Sothern Micro Instruments)E Z7%3}™ 8
precalibrated standards (range, 40-1069 nCi/g, Amer-
sham)ol| FZ3}e] z+zd Xeoray filmoll A &43}5] )
ZyZy =44 brain regionS A3 8709 optical
density measurements® A]& T}E section® & WS
2lth. blood samplee tissue solubilizerol] 4] ¥ -3} 11
24A)17F & counting fluidol| 4] B35} TE o] samples
£& liquid scintillation counterol| Al AZ3}H ).
isotope count= FA|d] 2314}

@ ¥Ed % Re) Aa EIE 24 (S0
SvOy)

T4 HERE FA57] A DolA= tissue
sample®] I Th2 AP ESo| TAW A4 LI E =
AsE7] YA AFE-E T} N2 atmosphered} -35C 3}
o microtome-cryostat® Fo}Z 20 micrometer 7|
o] AAEL v|g YzH glass slide® &7 degassed
silicone oil and coverslip®. & cover® $1T}. ©]& slides
+ 568,560 2 506 nanometerol| A] optical densities2
AL 4 Jde N2 FHo = Y72+ microspectropho-
tometero]] Eo]t}. o] three-wavelength methods
+ frozen bloodo| A ¥4t light® WA ST
Transverse section® & ol A5t light7} bloodE %
Hato] AFEHAG 5L o] F9joA WAl
Se) B3t sAle) AuolA Az EHES 273
o A A4 FE L ARE (0, extraction, O,
supply, O> consumption, O, supply/consumption ratio)
£ tCBF, Sa0,, SvO, Hbol| A AF&351t)

6) AuAZI FAEH

Blood 2] oxygen content= hemoglobin concen-
tration X 1.362.2 oxygen saturation®] %= 4+&3}
Ak WF 549 oxygen content ALo]e] Aol
(regional oxygen extraction)’} €1o]Zt}. Fick principleS
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0]g-3}o] local oxygen extraction¥} blood flowE
regional basisolA]¢] oxygen consumptiong 2743}
=1 ©]-€-5 %1tk Venous oxygen saturation®] variation
coefficient (CV)= heterogeneity?] W3S W] 3}=
b o] &5t} CVE (standard deviation/mean) X
10022 2F&3}9t). Varianced] factorial analysisi=
group¥} cerebral blood flow, oxygen extraction,
oxygen consumptiond ZA3}7] 93 o8 H9 Al
o]9] ApolE wteh=r] o] &L Jirth zfolol #3
EA2 99 Duncan’s procedureE ©]-&3}grh.
Chi-square test= venous oxygen saturation®] distri-
butiong Hlwal=d o] &tk X AvollA FA
Z)¢] o9& P<0.05¢1 A-$Z stHTh

AN ZAN 9B 8 7o) e

e gadglon 39 daEsue friud
Fol8A Z7he ek Table 2). SFehle) o A5
AA] HFAETFAAN #ABF) Z7+E Y THFig. 1).

Table 2. Cerebral Arterial and Venous Oxygen Saturations, Cerebral Oxygen Extraction and Oxygen Consumption

1 Hour after Middle Cerebral Artery Occlusion

Ischemic Cortex

Contralateral Cortes

Saline CPSG Saline CPSG
Sa0(%) 96.0+1.2 95.6+1.1 96.0+0.9 95.4+0.8
SvO1(%) 454+5.4° 51.442.8" 66.843.1 62.6+4.3
O, Extraction (ml/100ml) 8.7+1.2" 7.9+1.0" 5.0+0.6 5.9+0.9
0, Consumtion (ml/min/100g) 8,7+5.8 11.843.1 11.643.1 14.344.6

*: p<0.05 vs CPSG group
1: p<0.05 vs contralateral cortex

CPSG: Chungpyesagan-tang group, SaOs: Arterial O, saturation, Sv: Venous O, saturation.
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Fig. 1. Regional Cerebral Blood Flow in Saline and CPSG 1 hour after middle cerebral artery occlusion
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A E AbshA 234 & A(neuronal NOS) Z38}A), 7-nitro
indazole(25mg/kg) S BU Fog NIT-& A H AL
g3} v w23k v} Table 29} 28 ARE A}
HEF wisgtel] SlojA FS7he AHARIETY &
F#(CBF)°] NOS 234 L-NAMEE F43 NAF
oA AAZ HAE Hof HHARIES Ao A
H9LSs =T & 919 o) Hel A neuronal NOS
29 TNIE Folg NIz AE Aol 2 5 §
= R ARE oM E NAT O] HEF
of e rTE ez ARagrazel ¥
%l ZtEo] 43O Y NIF A=
A 4 A} (Table 3).
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AT F/AES)AA TS vsdd o) Hg) 3
A3] gront 518t o) HHAREo] A4
Fatoll Hls] frostAl FUbE ] AE dEE #E
& 4 Qo] AR ] HS oA HzZ ] At
£ &9 58 A9 B3 a3 aHE LT F
Rom oleld Eobe HAa AR g BE A
guths 72 N¥F 240 BE 423 22
FEU Sl LA A

2(0; extraction)?] O1HE AAANGT
Zapol vlal NIZo] felabA FangiEd, o
(SEREE-ERE LEREE EEREEE
28l thdt dFe] okt 7-NI #4€] neuronal
NOSS Aol SJ3k ehAt 72l Z1Q1F Ao ALz
o}

AR He o] g A5 aHE Yotr 7]
9zt B AgdA e AHANOE SAS A=
), gubo g Astdies 4 At 3 T3
AN G HEF ] 3|5 ol W Fa3 o
&S ot e AoE A Stk NO7E F3 ol A
2483} target cell-& vascular cells, neuronal cells,
Zefstar daelA
AR & 5ol excitatory
amino acids®} free radicals®] neurotoxicityS | 3t
o Nodl oJ8) siEE ThFE 71459 net
effect= target cello]A] NO2| intensity®} spatial
differencesol] @#9lo] FHAA AALFFY &S
FAA1717] 913) neuroal activity®] H-9]Z A {E

astrocytes®] ™ vasorelaxation2-

platelet aggregation-&

Table 3. Cerebral Blood Flow, Oxygen Extraction and Oxygen Supply/Consumption Ration 1 Hour after Middle

Cerebral Artery Occlusion

Ischemic Cortex

Contralateral Cortex

CPSG NA NI CPSG NA NI

CBF (ml/min/100g) 144.6+202° 102.0+14.47 131443227  240+56.6  202.6+44.4  226.4+61.4
Sa05(%) 95.6+1.1 94.142.6 96.243.1 95.4+0.8 95.142.2 96.443.3
SVO(%) 51442.8°  48.6+4.7 574486 62.6+4.3 60.243.5 62.445.8
02 Extraction (ml/100ml) 7.941.0° 7242.1° 6.8+1.6" 5.9+0.9 6.0+0.8 6.2+1.8
Supply/Consumtion Ration 2,340.3° 1.8+0.1" 24404 8.0+0.5 2.8+0.4 3.140.6

*: P<0.05 vs Contralateral Cortex,
T: P<0.05 vs CPSG group

CPSG: Chungpyesagantang group, NA: CPSG + L-NAME group, NI: CPSG + 7-NI group
CBF: Cerebral Blood Flow, SaO,: Arterial O, saturation, Sv: Venous O, saturation.
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A A S A5 o] &R #eF HZ A

T w9 derE oAs 2ta gled 71E] B
9J3pH Neuronal NO production acute ischemic
injuryE otgA 7IthE A9 vascular NOE middle
cerebral artery (MCA) A% %9] 4 & HE 3=
Aol FHEol A", 18 non-specific NO
synthase inhibitor2 €7l NG-nitro-L-arginine methyl
ester (L-NAME)7} MCA 23 & 3R o4 g
57k 220lE 2PA 440 BF P 409 F
ol Z7hEdchs Bast e wY, NoE F
9] ischemic cortexol| A EH1} 2FA 9] %10 4238}
7] &) 4] vascular systemol] = E-&
neuronal levelol| A+ metabolism<- 7]—1\] 7)1 exci-
toneurotoxin®. 2 283l Ao E HAATh 182
2 ischemic induced neuronal damageol] NO2] gt
o] =&o] QJthe AL vascular site$} neuronal siteE
WIsHe A% M2 wohel vl o Rolehy AE
Aot 2 A3 NOS Z2& Al ofs FAA g
o YU AP PaE uel A 1T o s
ARZFEHE vascular NO A AS Zole Ao g EO]E%
neuronal NOS Z&HAof] olsf] ¥ Fgko] ¢l
2 X} neuronal NO2| Aol wA= &&= 0}‘-
Ao g Alg €ty 2HBE, o] AHRE Tt
B o JAdA HEF A8 FE3HA AL &
AAAIGo] HABA S HPEFRE ARAND 5
s ¢ & AN o]H3 74282 neuronal
NO¢} Aol g HikAhAR HATE ofet
vascular NOZ/d¢l &3+ HEF{ F7hol] we ¥ita
T SHAEYS 5 5 Atk

webs] el A HEF Amol F-&3H ARE-H
o] & AAAITo] HeBA HAATEE A
2 5 3ee % & ANeH ol Autee
neuronal NO2] Aol 93 HAAAR Y ZHAT} of
U2} vascular NOZRo] 9 385 Z7}0] e )
B3Fe) Z08d0let AR olg 2o 2
e AN FEAAE AW oI F vho
2 Bl 0 ootel FAleE GRAo ATAE

oA fr&3 #3H LAE AT F 3len o]

l"_u

Ao MCA 22 FZRA0IH HY
SRER L RE w} 449 92l £k
7] Slal NOAA, =4 =85 sl 59
ve] AAEIHE o Mﬁ% & 238 2% o
3 e ARe 4L 4 A

L Qo) 87 o] FANZIRTAN 5715

Ak,
W xRS AT AN FREAT.
Axzrgo] FrANRTN 27180,

4. Vascular NOZ A4S wW HFA 9

5. Neuronal NO% ] %
7F Adek

oo ARE Tt £ W A HEF A
2o F-&3H AME-F o] & 7"434]/\}7&‘%10] Ao
HAaTEE NAAE F AeS & 5 AReH o
23t 7] 42-8-& neuronal NOS Ao 93 H2kA

AR 7Z+A7} obug} vascular NOEA o] 93 W&

F 271 e HaLFEY FUAEYL & 5 9
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